Objective To evaluate relapse rates and disease-modifying drug (DMD) treatment in US women with multiple sclerosis (MS) and a live birth.
To identify opportunities to improve care of patients with multiple sclerosis (MS) and pregnancy, it is important to understand patients' burden of disease and real-world treatment approaches. There is a paucity of published research pertaining to disease burden and treatment patterns for women with MS and pregnancy. Six prospective [1] [2] [3] [4] [5] [6] and 4 retrospective studies [7] [8] [9] [10] [11] ranging in size from 29 to 254 patients have evaluated relapse rates before, during, and after pregnancy. One study was international, 4 6 were European, 1-3,5,6,10 2 were South American, 8, 9 one Russian, 11 and one Lebanese. 7 Overall, findings showed that relapse rates decreased during pregnancy, increased during puerperium, and then returned to prepregnancy levels. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Details regarding the nature of intrapartum or postpartum relapses or the severity of relapses were not available.
Published studies evaluating disease-modifying drug (DMD) exposure before, during, and after pregnancy in women with MS are also scarce. Of the 6 studies identified, 3 evaluated exposure to self-injectables during pregnancy, 12-14 and 3 evaluated exposure to self-injectables or infusion therapies at conception or during pregnancy. 8, 15, 16 The studies were conducted in Europe, [13] [14] [15] Canada, 12, 16 and Argentina. 8 US studies evaluating DMD utilization patterns in women with MS and pregnancy are uncommon. Studies evaluating the utilization of oral DMDs in women with MS and pregnancy, and studies evaluating DMD utilization during the pre-and postpregnancy periods, are also rare.
The objectives of this study were to use US administrative claims data to evaluate the rates of relapse and DMD treatment in women with MS and a live birth during prepregnancy, pregnancy, and postpartum.
Methods

Data description
This was a retrospective administrative claims database study using the IQVIA Real-World Data Adjudicated Claims-US database between January 1, 2006, and June 30, 2015. The IQVIA Real-World Data Adjudicated Claims-US database comprises fully adjudicated health plan claims data and enrollment information for commercial individuals. Information is received from health plans and self-insured employer groups throughout the United States for more than 150 million unique enrollees since 2006. This anonymous, patient-centric database includes all medical and pharmacy claims data (costs and descriptive services). Claims represent payments to providers for services rendered to covered health plan individuals. The data also include patient-level enrollment, which is a record of demographic variables including eligibility status (year of birth, sex, US Census region, eligibility by month). The enrollee population in the database is generally representative of the younger than 65 years, commercially insured population in the United States regarding both age and sex. The average length of enrollment is ≥39 months, and more than 30 million patients have ≥3 years of continuous enrollment (medical and pharmacy coverage). Each contributing plan's data undergo rigorous data quality review by IQVIA before its addition to the IQVIA Real-World Data Adjudicated Claims-US database.
The IQVIA Real-World Data Adjudicated Claims-US database is deidentified and compliant with the Health Insurance Portability and Accountability Act of 1996. As such, no institutional review board approval was required.
Study population
Patients were required to have at least one encounter with a diagnosis of MS (ICD-9-CM code: 340.xx) between January 1, 2006, and June 30, 2015. The start of the first MS encounter was the index date. Included patients were required to be female, between the ages of 18 and 64 as of the index date, and have at least one encounter with a diagnosis of pregnancy (table e-1, links.lww.com/WNL/A710) or a pregnancyrelated procedure (table e-2) from the index date to June 30, 2014. Patients were also required to have a live birth procedure code to be included in the live birth sample (table e-3). Only the first live birth was included in the analysis. The date of the live birth procedure was used to estimate the date of conception and the pregnancy periods (assumed 90-day trimesters) per the methodology reported in a published study by Knox et al. 17 (2014) that evaluated the use of oral antidiabetics and pregnancy. Continuous eligibility 1 year before conception and 1 year after the live birth were additional required inclusion criteria for this cohort (i.e., 2-year, 9-month total follow-up period for each patient). For the analysis of DMD initiation post live birth, patients were required to have no claim for a DMD during the third trimester.
Study outcomes
Baseline demographic and clinical characteristics were evaluated. Demographic characteristics evaluated included age, region, and payer type. Clinical characteristics evaluated included overall comorbidity as measured by the Charlson Comorbidity Index and the individual rates of the most common comorbidities in MS (i.e., alcohol abuse, anxiety, arthritis [rheumatoid arthritis or osteoarthritis], chronic lung disease, depression, diabetes [type I and type II], gastrointestinal disease, hyperlipidemia, hypertension, and thyroid disease). These comorbidities were selected as they are among the most common in patients with MS based on Glossary CI = confidence interval; DMD = disease-modifying drug; ER = emergency room; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; MS = multiple sclerosis; OR = odds ratio. a review of the published literature. 18 Pregnancy-related risk factors were not considered in this evaluation.
Relapse was assessed using validated definitions of relapse 19, 20 that have been used in 19 previously published retrospective claims database evaluations: MS-related hospitalization, MSrelated emergency room (ER) visit, or MS-related outpatient visit with any corticosteroid prescription (IV or oral) within 7 days of the visit. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Relapse rates were evaluated during the year before pregnancy, the 3 individual trimesters of pregnancy, puerperium (6 weeks after pregnancy), and the year after pregnancy. To make the rates reported over the individual time periods more comparable, they were converted to monthly rates by dividing the rate by the duration of the time period. The proportions of women with a pharmacy or medical claim for a DMD (self-injectable, oral, infusion, or any) were evaluated during the year before pregnancy, the 3 individual trimesters of pregnancy, puerperium, and the year after pregnancy.
Study analyses
Sample selection and creation of analytic variables were performed using the Instant Health Data Platform (Boston Health Economics, Inc., Boston, MA). Statistical analyses were undertaken with R version 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria) and SAS version 9.4 (SAS Institute Inc., Cary, NC). For descriptive (i.e., unadjusted) analyses, categorical variables were summarized using frequencies and percentages, and continuous variables were summarized using means (with confidence intervals [CIs]), SDs, and medians.
Differences in proportions were tested using a SAS generalized estimating equation approach, 38 which uses an extension of a generalized linear model appropriate for longitudinal data. 39 The generalized estimating equation model estimated population-average/marginal values, adjusting for a population with the characteristics included in the model, and used presence of relapse (yes/no) or presence of a DMD claim (yes/no) as the dependent measures in independent models. The model incorporated adjustment for the repeated measurements over time using four 90-day periods before pregnancy, the 3 trimesters of pregnancy, a 45-day puerperium period, and a 45-day initial postpartum period followed by three 90-day postpartum periods. The events/trial method was used to adjust for the two 45-day time periods (relapse models only). Modeled variables included time (12 measurement periods), age, Charlson Comorbidity Index score, census region (missing values recoded as unknown), payer type (recoded as commercial vs other because of small cell sizes), and yes/no indicators for the following variables: anxiety, chronic lung disease, gastrointestinal disease, hyperlipidemia, hypertension, and thyroid disease. Alcohol abuse and arthritis were excluded because of small percentages reporting these conditions (0.2% and 2.1%, respectively, vs other comorbidities that ranged from 5.5% to 13.1%) and because empirical analyses showed that inclusion of these variables resulted in poor model fit. Seven estimate statements were used to test for differences in the average baseline (i.e., prepregnancy) relapse rates/treatment proportions vs other time periods of interest. The 3 trimesters of pregnancy were also compared with puerperium. Tests for interactions between the time variable and the covariates were conducted.
Data availability
The data utilized for this study were obtained through a license agreement with IQVIA.
Results
Baseline characteristics
Of the 205,466 women with MS in the dataset, 10,630 had a pregnancy diagnosis claim, 5,022 had 1-year pre-and postpregnancy diagnosis eligibility, and 2,867 had a live birth. Of those, 2,158 had 1 year of continuous insurance eligibility pre-and postpregnancy. Patient baseline demographic and clinical characteristics are presented in table 1.
Proportion of patients relapsing before, during, and after pregnancy
The figure, A, shows the adjusted monthly rates of total relapses for patients with MS and a live birth overall and by type of relapse. Statistical model results confirmed that there were significant differences in overall relapse rates over time (p < 0.0001) and by age (p = 0.0004). No comorbidity indicators were statistically significant predictors of relapse. Regarding relapse time trends, compared with the prepregnancy period, the odds of relapse declined significantly during pregnancy (odds ratio [OR] 0.623, 95% CI 0.521-0.744; p < 0.0001), increased during puerperium (OR 1.710, 95% CI 1.358-2.152; p < 0.0001), and ended at a level during the last 3 postpartum quarters that was higher than the prepregnancy levels (OR 1.216, 95% CI 1.052-1.406; p = 0.0081). The OR between the pregnancy periods and puerperium was 2.745 (95% CI 2.130-3.537; p < 0.0001).
The figure, B, shows the adjusted monthly rates of relapses for patients with MS and a live birth by type of relapse. The majority of relapses were treated in an outpatient setting, and the odds of outpatient relapse declined significantly during pregnancy (OR 0.358, 95% CI 0.268-0.478; p < 0.0001), increased during puerperium (OR 1.607, 95% CI 1.199-2.155; p = 0.0015), and ended at a level during the last 3 postpartum quarters that was higher than the prepregnancy levels (OR 1.403, 95% CI 1.179-1.670; p < 0.0001). The OR between the pregnancy periods and puerperium for outpatient relapses was 4.488 (95% CI 3.134-6.426; p < 0.0001). Rates of relapses requiring ER visits remained relatively stable throughout the study period (p > 0.05). The odds of relapse requiring hospitalization increased significantly during the third trimester (OR 1.849, 95% CI 1.280-2.670; p = 0.0011) and during the puerperium period (OR 2.315, 95% CI 1.478-3.626; p = 0.0002) compared with the prepregnancy period. The OR between the pregnancy periods and
Tests for interactions between the time variable and the covariates were conducted. The solution would not converge with all of the interactions in the model. Taking out the Charlson score or the specific comorbidities resulted in model convergence. None of the specific comorbidities were significant. There was a significant interaction between time and the Charlson comorbidity score without the specific comorbidities included in the model; there was a slightly greater relapse rate at all time periods among patients with relapse, with the most notable effect postpregnancy relative to those without comorbidity. Age, census region, and presence of commercial insurance did not interact with time.
Proportion of patients with DMD treatment before, during, and after pregnancy Statistical model results also showed that there were significant differences in the proportion of patients with DMD treatment over time (p < 0.0001). The 2 comorbidity indicators that were significant predictors of DMD treatment were the presence of gastrointestinal disease (p = 0.0010) and hyperlipidemia (p = 0.0473). The proportion of women with DMD treatment was rather low overall, peaking at 25.5% 9 to 12 months postpartum (table 2) . Compared with the prepregnancy period, the proportion of women with DMD treatment declined significantly during pregnancy (OR 0.171, 95% CI 0.144-0.203; p < 0.0001), remained lower during puerperium (OR 0.361, 95% CI 0.312-0.418; p < 0.0001), and ended at a level during the last 3 postpartum quarters that was higher than the prepregnancy levels (OR 1.259, 95% CI 1.156-1.371; p < 0.0001). The highest OR was between pregnancy and the puerperium period (OR 2.106, 95% CI 1.740-2.548; p < 0.0001). Most patients were treated with self-injectable DMDs. The use of oral and infusion DMDs in this sample was very low (<3.1%).
The proportion of patients with DMD treatment was also described by the number of relapses women experienced prior to pregnancy. As expected, the proportion with DMD treatment was higher in women with a greater number of relapses during the year before pregnancy. The proportion of women with DMD treatment across all patient subgroups was low during the second and third trimesters (range: 0.00%-7.42%). In comparison, among women with 3 or more relapses during the year before pregnancy, up to two-thirds had DMD treatment before pregnancy and during the year after delivery.
DMD treatment initiation after pregnancy
Of 2,158 women with MS, a live birth, and 1-year eligibility preand postpregnancy, 64 had a DMD prescription during the third trimester and were removed from the analysis of DMD treatment initiation postpregnancy. The demographics of the 2,094 remaining patients were very similar to the original sample (data not shown). The proportion of women with a live birth initiating a DMD within 1 year was 28.5% (n = 596). For 
Discussion
Pregnancy in women with MS can be complex both from a patient and a provider perspective. 40 The majority of Figure Adjusted monthly rates of total multiple sclerosis relapses before, during, and after pregnancy (A) overall and (B) by type of relapse ER = emergency room. patients with MS are women, and clinical onset of MS most often occurs during childbearing age, in the third and fourth decades of life. 41 It is estimated that between one-fifth and one-third of women with MS deliver a child after disease onset, 42, 43 making pregnancy in women with MS of significant relevance to patients, their family members, and their health care providers. 44 More evidence to support decision-making in women with MS of childbearing age is needed in order to improve available clinical support, health care services, and quality of life for this population. 40, 45 The availability of health services utilization data, commonly referred to as administrative claims data, affords a unique opportunity to assess and monitor disease and treatment patterns in patients with MS across large, clinically representative "real-world" populations. 46 These rich data sources, derived from reimbursement information or the payment of bills for health care services and commodities, 9 can improve our knowledge of the interactions that pregnant women with MS have with the health care system, and of the reciprocal influences between pregnancy and MS.
Our findings are consistent with previous studies outside of North America evaluating relapse rates in women with MS during pregnancy. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The overall rate of relapse decreased during pregnancy, increased during puerperium, and then decreased after puerperium to similar rates observed in the prepregnancy period. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] When relapses were stratified into levels of resource utilization intensity, which served as proxies for relapse severities, it was observed that the majority of relapses were treated in an outpatient setting, and that the rate of outpatient relapses very sharply declined during pregnancy. Rates of relapses requiring ER visits remained relatively stable throughout the study period, while rates of relapses requiring hospitalization increased in the third trimester and during puerperium. The increase during the third trimester may reflect increased monitoring of these patients through this critical late pregnancy period. In contrast, since these relapses are estimated based on patient utilization of health care services, the outpatient relapses may be underestimated if patients did not obtain corticosteroids because of concerns regarding taking medications during pregnancy. Therefore, our data may be reflective of moderate to severe relapses, but not mild relapses.
The current study differs from and complements the previous studies evaluating the utilization of DMDs in pregnancy because it is a US, observational ("real-world"), claims-based study that assessed the patterns of utilization of DMDs before, during, and after pregnancy. 8, [12] [13] [14] [15] [16] The proportion of women with DMD treatment was rather low throughout all time periods, beginning with approximately 20% of patients having a claim for DMD treatment at 9 to 12 months prepregnancy, expectantly declining to <2% during the second trimester, and peaking at approximately 25% 9 to 12 months postpartum. Very few patients in this study population used oral and infusion DMDs (<3.1%), possibly because of their later availability (fingolimod was the first oral DMD and was approved in 2010). The preferred use of injectable therapies may reflect physician and patient preference to utilize DMDs with longer safety data in this vulnerable population, in case of early pregnancy exposure. The use of DMDs in pregnancy remains controversial and the current recommendations are to avoid DMDs in pregnancy unless the risks of disease worsening significantly outweigh the risks of DMD exposure to the fetus. 45 Consistent with this, DMD treatment was more common in women with a greater number of relapses during the year before pregnancy. Up to two-thirds of women with 3 or more relapses during the year before pregnancy had DMD treatment before pregnancy and during the year after delivery, but only a small proportion (<7.5%) received DMDs during pregnancy. The proportion of women who did not receive a DMD in the third trimester but initiated a DMD within 1 year after delivery was 28.5%; approximately half of these patients initiated the DMD within 90 days, and three-quarters initiated the DMD within 6 months.
Given the low proportion of patients treated with DMDs in the sample (aside from women with 3 or more relapses in the year before pregnancy), the study may be indicative of a natural history study. It was surprising that nearly 20 years after the Pregnancy in Multiple Sclerosis study, a minority of eligible patients with MS are receiving DMDs prior to pregnancy. The intent of the study was to provide women with MS who are considering pregnancy or those who are pregnant and their health care professionals with information on other patients' experiences of care, the burden of disease, and realworld treatment approaches. The size and relative ease of analysis with this retrospective administrative database, despite its limitations, affords us a great tool for understanding "real-world" outcomes and opportunities for improving patient care. The study should be repeated to account for any differences that may be observed in these trends over the last 3 to 5 years, with the higher utilization of oral and infusion therapies.
Claims data are not specifically collected for research purposes, and there can be missing information that limits the inferences that can be made from the data. For example, the data do not include Expanded Disability Status Scale score, 47 disease duration, or the numbers or outcomes of prior pregnancies for this population. Having these data would have provided additional insights into timing and choices of postpartum treatment decisions. The ICD-9-CM code used to identify patients in this sample does not differentiate among patients with primary progressive, relapsing-remitting, or secondary progressive MS. 48 Patients could have had ER visits and hospitalizations for reasons other than their MS, but this could not be discerned from the data. It is possible that corticosteroids were used for treatment of other indications, including allergic rhinitis, asthma, dermatitis, ulcerative colitis, leukemia and lymphoma, gout, and rheumatoid arthritis. However, the corticosteroid claim had to follow an MSrelated outpatient visit within 7 days. This definition of outpatient relapse has been used in 19 previously published, retrospective claims database analyses and has been validated in 2 studies. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The date of the live birth procedure was used to estimate the date of conception and the pregnancy periods (per Knox et al. 17 ), possibly resulting in misclassification of the prepregnancy period and the following trimesters in some cases. Because of the size of the observed effect, this possible misclassification in some cases is not likely to alter the results fundamentally. Lactation status also could not be assessed in this sample. The 90-day delay in DMD initiation may be related to maternal breastfeeding for 3 months postpartum as the duration of breastfeeding in the United States is typically shorter than in other countries. 49 Also, retrospective administrative claims data may have not included some events if not reimbursed by the health plan (e.g., if out of network). Furthermore, this dataset likely underrepresents patients in the western region of the United States, indigent/minority populations on federal or state health insurance coverages, and, possibly, more disabled populations. Finally, DMD treatment was assessed using claims data, and while patients may have had drug on hand, they may not have been taking it during the study periods that were reported.
This study effectively used US administrative claims data to characterize the patient experience of care in women with MS and a live birth. Patients' interactions with the health care system and the interactions between pregnancy and MS were evaluated across a large, real-world population. Despite their noted limitations, claims data are a valuable resource for exploratory analyses of a variety of health services research questions. Further prospective, real-world studies are needed to explore practice patterns and neurologic, obstetric, and pediatric outcomes in this patient population.
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